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HIGH THROUGHPUT SCREENING OF LIGAND BINDING TO 
MACROMOLECULES USING HIGH RESOLUTION POWDER DIFFRACTION 

STATEMENT REGARDING FEDERAL RIGHTS 
This invention was made with government support under Contract No, W-7405- 
ENG-36 awarded by the U.S. Department of Energy. The government has certain rights in 
the invention. 

FIELD OF THE INVENTION 
The present invention relates to a process for detecting or screening possible 
interactions between a selected target macromolecule or protein and a suite of possible 
small molecule ligands. 

BACKGROUND OF THE INVENTION 
With the decoding of the human and other genomes, the paradigm of drug 
discovery is expected to change to one that is focused on molecular design for interaction 
with specific proteins. This new emphasis on proteomics will require experimental 
verification of the details of protein/ligand interactions under a wide variety of conditions. 
Current techniques either require formation of single crystals of sufficient quaUty of the 
protein/ligand complex for x-ray diffi*action work or else interpretation of NMR spectra. 
This work is difficult as indicated by a cursory examination of the Protein Data Base that 
shows only about 10% of the entries involve protein/ligand complexes. 

Present screening methods for protein-Ugand interaction often involve either: (1) 
the selective displacement of a dye molecule by the Ugand thus provoking a change in the 
optical spectrum; or (2) performance of detailed single crystal structure determinations on 
every potential protein-ligand complex to determine the presence or absence of the Ugand 
molecule in the protein structure. The former method requires selection and development 
of a suitable dye that interacts with the protein in the same way a presumed ligand might 
interact. Dyes that interact in different ways will not show a clear and definitive test for a 
ligand binding in the active site of the protein. In the latter method, the fimdamental 
requirements for the single crystal test involve the ability to produce quantities of suitable 
single crystals for the Ugand binding tests and that the single crystal survives the formation 
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of the protein-ligand complex. As these two requirements are frequently not fulfilled for a 
chosen protein target, a quicker, more robust method has been desirable for detecting or 
screening possible interactions between a selected target macromolecule or protein and a 
suite of possible small molecule ligands. 
5 It is an object of the present invention to provide a process for process that can be 

used to detect or screen possible interactions between a selected target macromolecule or 
protein and a suite of possible small molecule hgands. 

SUMMARY OF THE INVENTION 
10 In accordance with the purposes ofthe present invention, as embodied and broadly 

described herein, the present invention provides a process for the high throughput 
screening of binding of ligands to macromolecules using high resolution powder 
CQ diffraction data including producing a first sample slurry of a selected polycrystalline 
l2 macromolecule material and a solvent, producing a second sample slurry of a selected 
2 : 15 polycrystalline macromolecule material, one or more ligands and said solvent, obtaining a 
^ high resolution powder diffraction pattern on each of said first sample slurry and said 
Q second sample slurry, and, comparing the high resolution powder diffraction pattern of 
p 5 said first sample slurry and the high resolution powder diffraction pattern of said second 
sample slurry whereby a difference in the high resolution powder diffraction patterns of 
H 20 said first sample slurry and said second sample shray provides a positive indication for the 
formation of a complex between said selected polycrystalUne macromolecule material and 
at least one of said one or more ligands. 

The present invention further provides a process of high throughput screening of 
binding of Ugands to macromolecules using high resolution powder diffraction data 
25 including producing a sample slurry mixture including a selected polycrystalline 

macromolecule material, a solvent, and a mixture of N ligands, obtaining a high resolution 
powder diffraction pattem of said sample slurry mixture, comparing the high resolution 
powder diffraction pattem of said sample slurry mixture with a reference of a high 
resolution powder diffraction pattem of said selected polycrystalline macromolecule 
30 material in the absence of any Kgands whereby a difference in the high resolution powder 
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diffraction patterns of said sample slurry mixture and said selected polycrystalline 
macromolecule material in the absence of any ligands provides a positive indication for the 
formation of a complex between said selected polycrystalline macromolecule material and 
at least one of said mixture of N ligands, dividing said mixture of N ligands into at least 
two sample slurry groups by forming at least a first sample slurry including said selected 
polycrystalline macromolecule material, said solvent, and a mixture of selected ligands 
from among the N ligands, and forming at least a second sample slurry including said 
selected polycrystalline macromolecule material, said solvent, and a mixture of selected 
ligands not in said first sample slurry, wherein all of said N ligands are present in at least 
one of said sample slurry groups, repeating steps of obtaining high resolution powder 
diffraction patterns, and steps of comparing said high resolution powder diffraction 
pattems whereby a difference in high resolution powder diffraction patterns between a said 
sample slurry and said selected polycrystalline macromolecule material in the absence of 
any ligands provides a positive indication for the formation of a complex between said 
selected polycrystalline macromolecule material and at least one ligand within said sample 
slurry, and, repeating steps of dividing said mixture of selected ligands for any sample 
slurry exhibiting a positive indication for the formation of a complex between said selected 
polycrystalline macromolecule material and at least one ligand within said slurry sample 
into at least two additional sample slurry groups, steps of obtaining high resolution powder 
diffraction pattems, and steps of comparing said high resolution powder diffraction 
pattems until all hgands within said mixture of N hgands that show binding have been 
identified. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 shows a comparison plot in accordance with the present invention of a 
small segment of high resolution x-ray powder diffraction pattems of lysozyme (bottom 
pattem) in comparison to a lysozyme/N-acetylglucosamine mixture (top pattern) 
precipated from pH6.0 0.5 M NaCl buffer taken with A,=0.70A. The latter pattem has been 
offset for clarity. 

FIGURE 2 shows a comparison plot in accordance with the present invention of a 
small segment of high resolution x-ray powder diffraction pattems of lysozyme (bottom 
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pattern) in comparison to a lysozyme/N-acetylglucosamine (top pattern) mixture 
precipated from pH 5.0 0.5 M NaCl buffer taken with X=0.70A. The latter pattem has been 
offset for clarity. 

DETAILED DESCRIPTION 

The present invention concerns a process that can be used to detect or screen 
possible interactions between a selected target macromolecule or protein and a suite of 
possible small molecule ligands. The indication for this interaction or binding is a change 
in a high resolution powder diffraction pattem of the target protein or macromolecule as 
compared to the unbound form of the target protein or macromolecule which is the result 
of a modification of its crystal structure upon formation of a protein-ligand complex. For 
example, the comparison between patterns can be of the positions of diffraction peaks in 
the two pattems. In one embodunent, the process is a search approach in which tests of the 
binding between the target protein or macromolecule and a sequence of ligand mixtures is 
then used as a rapid means of identifying those ligands that bind to the target protein or 
macromolecule. One approach can be a binary search approach. 

The screening method of the present invention can be as follows. Two samples of 
polycrystalline material are produced as slurries. One of the samples includes the target 
protein or macromolecule and a suitable solvent. The other of the samples includes the 
target protein or macromolecule, one or more selected ligands and the same solvent as in 
the first sample. High resolution powder diffraction pattems are obtained for each sample. 
The pattems from the first and second samples are then compared to see if there is any 
discemable difference between the two sets of diffraction pattems. When there is a 
discemable difference between the two sets of diffraction pattems, that is a positive 
indication for the formation of a complex between the target protein or macromolecule and 
one or more of the selected hgands. Generally, a simple visual inspection can be used to 
determine if there is a difference as can be seen in Fig. 1 . In another manner, the pattem of 
the first sample can be inspected or analyzed to determine the positions of the diffraction 
peaks from the unbound form of the target protein or macromolecule, while the pattem of 
the second sample can be inspected or analyzed to determine the positions of the 
diffraction peaks from the target protein or macromolecule in the presence of the one or 
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more selected ligands. Differences in such diffraction peaks can then be used to determine 
if there is a difference indicating binding of a Ugand. This process is readily automated via 
computerized data processing routines 

A more detailed screening process for a larger suite of ligands and a single target 
5 protein or macromolecule could be as follows. Such a screening process can be a binary 
search approach as follows or may be other than a binary approach, i.e., division can be 
into as many sample slurries as desired. Li a binary embodiment, a mixture of "N" hgands 
is produced in a single solution. A preferred embodiment is for the case where N = 2^, i.e., 
where N is 2, 4, 8, 16, 32 and the like. A target protein or macromolecule is then exposed 
10 to the single solution of hgands thereby producing a slurry of polycrystalline material A 
screening procedure is conducted wherein high resolution powder diffraction pattems are 
''S obtained for the sample. The diffraction pattem is then compared to a reference diffraction 
Co pattem from a sample of the unbound form of the target protein or macromolecule. When 
m there is a discemable difference between the two diffraction pattems, that is a positive 
^ I 15 indication for the formation of a complex between the target protein or macromolecule and 
y one or more of the selected ligands. Li one manner, the pattem of the sample is inspected 
p or analyzed to determine the positions of the diffraction peaks from the target protein or 
ft macromolecule in the presence of the one or more selected hgands and compared to a 
1^ reference set of diffraction peaks fi'om a sample of the unbound form of the target protein 
20 or macromolecule. 

Where there is a positive indication of an interaction, then there is one or more 
ligands among the "N" ligands in the mixture that bind to the target protein or 
macromolecule. In a binary approach, two mixtures of ligands are then formed so that one 
mixture contains "N/2" of the ligands and the other mixture contains the remaining "N/2" 
25 of the ligands. Following the previous procedure, the target protein or macromolecule is 
exposed to each of the two ligand mixtures to determine which mixture contains one or 
more hgands that produced the positive indication of binding. This divisional process is 
repeated until all ligands in the original mixture that show binding to the target protein or 
macromolecule are identified. 
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In such a binary search process, the number of tests required to determine a single 
ligand with a positive indication of binding with the target protein or macromolecule from 
amongst a suite of N = 2^ ligands is 2(n) + 1 . For example, if N = 64, then the number of 
tests required would be 13. 

Automation of the steps in this invention will be readily achievable by one skilled 
in the art of automated processes. 

Powder diffraction from polycrystalline slurries is far more robust because the 
experimental conditions (solvent pH, ion concentration and the like) for obtaining 
polycrystalline material is much broader and can be more tightly controlled than for 
growing large single crystals, hi addition, crystal fracture during protein-ligand formation 
is essentially irrelevant in a powder diffraction experiment as the material is polycrystalline 
anjway. 

This invention should be usefiil for screening potential pharmaceutical materials for 
binding to a protein that was previously identified as a crucial component in a target 
organism (bacterial, viral, etc.). Following this identification of potential activity, ftirther 
studies can be pursued to determine the usefiilness of this material as a drug, hi addition, 
this invention can be used to identify the mode or modes of action for a particular protein 
by exposing it to a suite of Ugands that encompass its possible modes of action. Then, the 
mode of interaction can be determined by, e.g., examining the results from a single crystal 
diffraction study of a crystal grown of the protein-Ugand complex. 

Recent studies have shown that powder diffraction may be a usefiil tool for examining 
protein structures. Powder diffraction patterns can display considerable sensitivity to subtle 
structural changes via shifts in the diffraction peak positions and changes in intensity. Such 
studies showed that protein lattice parameter determinations from powder data are perhaps 
two orders of magnitude more precise than those obtained from typical single crystal 
experiments and that combined Rietveld refinements (see Rietveld, J. Appl. Crys., vol. 2, 
pp. 65-71 (1969) and stereochemical restraint refinements can give protein structures of 
moderate ('--3A) resolution. 

For the study of protein/ligand complexes, powder diffraction offers a distinct 
advantage over single crystal work in its complete immunity to crystal fracture or even a 
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phase change that may accompany complex fomiation. Moreover, rapid formation of a 
polycrystalhne precipitate allows possible exploration of initial complex formation under a 
wide variety of conditions not accessible in slow soaking or single crystal growth 
experiments. The use of high resolution X-ray powder diffraction for protein/Hgand 
structure determination in a study of the binding of N-acetyglucosamine to chicken egg 
lysozyme has now been demonstrated. - 

Previous high-resolution X-ray powder diffraction studies with metmyoglobin and 
T3R3 Zn insulin complexes used samples obtained by grinding previously crystallized 
protein in its mother Uquor and yielded material with extremely sharp diffraction peaks and 
little or no sample broadening. 

In this embodiment of the present invention, the lattice parameters of lysozyme and a- 
NAG/lysozyme complex (Table 1) have been determined with unprecedented precision via 
powder diffraction. The precision obtained here approaches one part in 80,000 and is the 
resuh of Rietveld refinement fitting of the entire powder diffraction profile and the extreme 
sharpness of the peaks. Similar precision was obtained in earlier powder diffraction studies 
of metmyoglobin and Zn insulin complexes (see Von Dreele, J. Appl. Cryst., vol. 32, pp. 
1084-1089 (1999) and Von Dreele et al.. Acta Cryst, vol. D56, pp. 1549-1553 (2000)). 
Consequently small changes in these values with pH and complex formation are readily 
apparent and can even be discemed from a simple visual comparison (Figs. 1 & 2). 

Formation of the a-NAG/lysozyme complex from pH 6.0 0.5M NaCl was marked by 
easily visible changes in the powder diffraction pattems (Fig. 1) and significant changes in 
the lattice parameters. For the complex, a is smaller by 0.21% and c larger by 0.49% 
compared to those of the apo-protein precipitated from the same buffer. This change upon 
complex formation is consistent with the lower precision single crystal values obtained by 
Perkins et al., Biochem. J,, vol. 173, pp. 607-616 (1978) and, interestingly, those obtained 
by Cheetham et al. J. MoL Biol., vol 224, pp. 613-628 (1992) for the NAGa/lysozyme 
complex. The precipitate from a NAG/lysozyme mixture in pH 5.0 0.5M NaCl showed no 
visible change in the powder pattem (Fig. 2) from that of pure lysozyme prepared from the 
same solvent and the lattice parameters are also essentially unchanged (a smaller by 0.06% 
and c larger by 0.15%). 
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Clearly, as observed earlier for metmyoglobin and T3R3 Zn, polycrystalline lysozyme 
and NAG/lysozyme powders, prepared in this case by rapid precipitation, consist of 
essentially defect free crystallites that are a few microns across. These dimensions suggest 
that the crystallites are only a few hundred protein unit cells in extent which, when coupled 
5 with the relatively weak binding between adjacent molecules, is insufficient to retain point 
and line defects at ambient temperature. Consequently, powder diffraction patterns of these 
materials give diffraction peaks that are as sharp as can be obtained from a given 
diffraction instrument; this may be a common feature of ambient temperature protein 
powder diffraction patterns. In essence, proteins are "perfect" powders for diffraction thus 
10 ensuring application of this invention to a wide variety of proteins. Here, the extreme 
sharpness of these pattems arose from the uniform and easily controlled precipitation 
conditions and allowed easy discernment of the small structural changes associated with 
CO protein/ligand complex formation and ready discrimination from cases where no complex 
ll is formed. Moreover, the quality of the powder diffraction pattern was sufficient to 
^: 15 determine the detailed structural features of the protein/ligand complex. Thus, high- 
^■1 resolution powder diffraction can faciUtate the screening for protein/ligand interactions and 

is 

Q may faciUtate the determination of their resulting structures under a wide variety of 
■ conditions. 

iH= The present invention is more particularly described in the following example 

p 20 which is mtended as illustrative only, since numerous modifications and variations will be 
apparent to those skilled in the art. 


EXAMPLE 1 

Chicken egg lysozyme (EC 3.2.1.17, FisherBiotech, 3X crystallized, lot Nos. 

25 995417-12 and 996924-12) and N-acetylglucosamine (NAG, ICN Biomedicals, Inc. lot 
No. R9745), pH 6.0 0.05M Na2HP04/KH2P04 buffer (Fisher Sci.), pH 5 .0 0.05M 
KHphthalate/NaOH buffer (Hydrion™, Aldrich Chem.) and NaCl ("Certified for 
Biological Use", Fisher Sci.) were used as received, hi a typical sample preparation, a 
polycrystalhne slurry was made by combining ~20mg lysozyme (1.4 jj.mol), about 10 mg 

30 of NAG (45 ^mol) and 200 |al of 0.5M NaCl pH 6.0 buffer with an agate mortar and 
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pestle. Polycrystalline precipitate formed within a few seconds. The slurry was loaded into 
a 1 .5mm diameter glass capillary, and centrifuged to pack the slurry. Excess mother Uquor 
was removed and the capillary flame sealed to prevent subsequent solvent evaporation. La a 
similar way, a polycrystalline sample of unbound lysozyme in pH 6.0 0.5M NaCl buffer 

5 was prepared. Similar samples with pH 5.0 0.5M NaCl buffer were also prepared. Samples 
were about 8mm long. As each sample was prepared, X-ray powder diffraction data were 
immediately collected at room temperature (23°C) on beam line X3bl at the National 
Synchrotron Light Source, Brookhaven National Laboratory, equipped with a double 
Si(l 1 1) monochromator and a Ge(l 11) analyser; the sample was spun during data 

10 collection to ensure good powder averaging. Details of the data collections are given in 
Table 1. 

W ■. 
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Table L Crystallo graphic data for N-acetyl-D-glucosamine/lysozyme complexes* 

Material Ivsozvme NAG/lysozyme lysozyme NAG/lysozyme 

Crystal data: 


Space group 

P432i2 

P432i2 

P432i2 

P432i2 

a (A) 

79.1317(11) 

78.9631(10) 

78.5689(15) 

78.5240(14) 

c(A) 

38.0297(10) 

38.2151(10) 

38.5134(15) 

38.5731(14) 

V(A^) 

238135(8) 

238277(9) 

237746(12) 

237842(12) 


Powder data collection: 



Buffer pH 

6.00 

6.00 

5.00 

5.00 

Measured pH 

5.2 

5.1 

4.8 

4.8 

X(A) 

0.699970(1) 

0.699842(1) 

0.700030(1) 

0.700030(1) 

20 range (°) 

1.0-13.580 

1.0-13.498 

1.0-13.994 

1.0-13.698 

A20O 

0.002 

0.002 

0.002 

0.002 

Steps 

6291 

6250 

6497 

6350 

Step time (s) 

4.0-11.25 

4.0-11.13 

4.0-12.04 

4.0-11.51 


TABLE 1 (continued) 

*NAG = N-acetylglucosamine. Values in parentheses are estimated standard deviations in 
the values shown. pH measurements were taken with a LAZAR Research Laboratories 
PHR-146 Micro Combination electrode calibrated with pH 4.00 and pH 7.00 standard 
buffers (Fisher Sci.). Wavelength calibrations were obtained from the fitted positions of six 
reflections from aNIST SRM1976 alumina plate. Data collection step count times were 
determined by the following algorithm: for 20<5'' t=4s; for 20>5° 
t=6.4691-O.9877(20)+O.O988(20)^s. 
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Visual comparison of the diffraction patterns obtained from lysozyme and 
NAG/lysozyme polycrystalline slxirries fomied in the pH 6,0 0.5M NaCl buffer (Figure 1) 
clearly show that a structural modification has occurred associated with the formation of a 
NAG/lysozyme complex. The patterns show differences in peak positions, which arise 
from lattice parameter changes, and differences in intensity associated with the crystal 
structure modification. There were no changes evident in a comparison of the powder 
patterns of lysozyme and NAG/lysozyme slurries prepared with pH 5.0 0.5M NaCl buffer 
(Figure 2). 

Although the present invention has been described with reference to specific details, it 
is not intended that such details should be regarded as limitations upon the scope of the 
invention, except as and to the extent that they are included in the accompanying claims. 


